Introduction
The capabilities of the constructed wetlands to remove the pollutants from the wastewater are limited and depend on the type of the materials used to construct them. Constructed wetlands remove organic pollutants from the wastewater very efficiently (85-99%), but are not equally efficient in removing the biogenic materials (40-60%) (Zou et al, 2012; Vymazal, 2007; Gasiunas, Strusevicius, 2004; Pries, 1994) .
Phosphorus removal in the constructed wetlands is closely related with the physical-chemical parameters (pH, electrical conductivity, dissolved ions) and hydrological parameters (load coefficient, residence time) of the filter media because phosphorus is mainly absorbed or precipitates in the filter media. Many kinds of filter media are able to retain phosphorus in the constructed wetlands. Due to the fact that the wetland needs huge amounts of filter media, it is very important to find locally available material which distinguishes itself by its ability to retain phosphorus.
The tests with various porosity materials aimed at finding a medium that will ensure the long-term phosphorus removal (Arias et al, 2001; Drizo et al, 2002) .
Different filter media options to remove phosphorus were investigated. Operating data (including surface and underground flow systems) of 97 plant-soil filters, installed in North America revealed that the average phosphorus removal efficiency was 55% (Pries, 1994) . According to the data of other researchers, removal efficiency was more than 90% (Maehlum, Stålnake 1999) and much higher 98% (Drizo et al, 2000) .
Large variety of natural, man-made materials and industrial by-products has been used as filter media in constructed wetlands to retain phosphorus. Potential phosphorus filtration materials are naturally occurring materials that are rich in calcium, such as conchoidal sand (Maehlum, Stålnake, 1999) , natural wollastonite (Brooks et al, 2000) and mineral apatite (Bellier et al, 2006) . The study of 13 kinds of sand found in Denmark showed that calcium content was the most important factor in determining phosphorus retention (Arias et al, 2001) . The following industrial by-products were used as the filter media: steel slag (Drizo et al, 2008) , blast furnace slag (Johansson, Gustafsson, 2000) and ash, for example, hydrated oil-shale ash (Vohla et al, 2005; Kaasik et al, 2008) . The highest P-removal capacities were reported for various industrial byproducts (up to 420 g P/kg for some furnace slags) (Mann, Bavor, 1993) , followed by natural materials (maximum 40 g P/kg for heated opoka) (Brogovski, Renman, 2004) .
The results published by Estonian scientists demonstrate the excellent efficiency of phosphorus removal in alkaline hydrated oil-shale ash filters, using different combinations of wastewater and phosphorus loads (Kõiv et al, 2010) . Estonian researchers (Vohla et al, 2011) found a significant positive Spearman's rank correlation between phosphorus retention and CaO and Ca content in filter materials (r 2 = 0.51 and 0.43, respectively), whereas the correlation of phosphorus retention with pH level was weak (r 2 = 0.22). In few studies natural substrate was burned before it was used as filter media to enhance the efficiency of phosphorus removal for example oyster shells. Oyster shells are obtained as a by-product of the production of oysters (Kwon et al, 2004; Seo et al, 2005) . Calcined alunite showed improved phosphorus removal character-istics in comparison with naturally occurring ones (Özacar, 2006) .
Lithuanian researchers conducted comparative tests with a variety of mineral filters under laboratory conditions. Filters were tested with filtralite, and filtralite-P, zeolite. The findings indicated that when the total content of Ca, Fe and Al oxides in the mineral content are 23.0, 16.1 and 7.9%, respectively, the amount of phosphorus removed from wastewater is: in the filtralite filter 88.5%, in the zeolite filter -45.5% (Strusevicius, Struseviciene, 2003) .
In Lithuania since 2004 many vertical filtration wetlands were constructed with the sand as the filter media. Phosphorus removal in vertical flow constructed wetlands is very limited and it is not possible to obtain sand bed medium that has a sufficient capacity to bind phosphorus for prolonged period (Arias et al, 2001; Del Bubba et al, 2003; Arias, Brix, 2005) . The group of scientists (Knowles et al, 2011) and others who have been analyzing these filters in the USA, United Kingdom, France and Germany for 20 years indicate 2 main problems when exploiting these filters which need to be resolved: the danger of clogging of the filter due to the small size of sand particles and difficulty in choosing the optimal media amount.
The results of research conducted with vertical flow constructed wetland, filed with a mixture of dolomite and other materials were analyzed. Two pilot-scale vertical flow constructed wetlands with different media, one of which was filled with a mixture of zeolite and dolomite and the other filled with the same zeolite alone were investigated. Since it did not have a significant positive effect on phosphate removal, dolomite was suggested to be replaced by zeolite (Prochaska, Zouboulis, 2006) . Other study evaluated the performance of a mixture of river sand and dolomite (10:1) used as media in vertical flow constructed wetlands in removal of phosphorus and phosphates (Zou et al, 2012) . The phosphorus removal efficiency was found to be at the value of 45% at the end of a 3-month operation period for the examined wetlands. It was concluded that the increase of dolomite quantity in the constructed wetlands body could be further investigated.
The aim of this research was to evaluate the efficiency of the vertical filtration constructed wetlands with various fractions of dolomite used as the filter media to remove phosphorus from the wastewater under laboratory-scale and pilot-scale wetland.
Methods
In order to reach the aim of the research it was necessary:
1. To investigate the efficiency of sand and various dolomite fractions to remove total phosphorus from wastewater under the changing pollution load of phosphorus in laboratory-scale.
2. To research phosphorus removal efficiency in an pilot-scale vertical flow constructed wetland.
So far, local sand-gravel media has been used when constructing wetlands in Lithuania. This media removes organic material well but phosphorus and nitrogen removal is limited. Usually artificial media is used (filtralite, zeolite) for phosphorus removal. These materials remove biogenic pollutants very well but they are expensive: they cost almost 3-5 times more than natural minerals. Materials excavated in Lithuania were considered and dolomite was chosen. Cost of dolomite is 30% higher than that of sifted and washed sand or gravel but dolomite contains 5.6 times more metals able to reduce phosphorus than the sand.
Chemical parameters of the sand and dolomite are compiled in Figure 1 .
Until now various fractions of sand have been used as the media in the constructed wetlands in Lithuania. In the search for the new filter media it is very important to compare them with sand. For our comparative experiments two dolomite products were chosen: 1-2 mm coarse dolomite powder and 2-5 mm coarse dolomite chippings. The latter was chosen in order to avoid clogging of the filter. In order to evaluate the efficiency of the laboratory-scale with dolomite powder and dolomite chippings the sand media was also used in our comparative experiments. The different materials in terms of the particle size and the specific surface area of the particles were used. The researchers are highly interested in the specific surface area of the particles. This quality determines the area of the bio-film in the constructed wetland. In this bio-film the main transformation of the pollutants takes place. When the particles of the media are coarse, the specific surface area of the particles decreases but the porosity grows therefore the risk of clogging decreases.
The physical qualities of the filter media are given in Table 1 . Description of the laboratory experiment. The laboratory experiment was designed to establish how efficiency of total phosphorus removal depends on the pollution load of phosphorus (amount of phosphorus in wastewater). Three vertical filter models were used: first was filled with the usual media which is sand, second was filled with the dolomite powder and third was filled with dolomite chippings. The area of each filter was 0.2 m 2 . Based on the experience of other authors (Gasiunas, Strusevicius, 2004 ) the length of the wastewater filtration path was chosen to be 0.8 m. Hydraulic loads of the laboratory-scale were 0.03 and 0.06 m 3 /m 2 /d. The research lasted for 2 months.
In order to carry out the research in the laboratory models wastewater was transported from the wastewater treatment facility in Aristava village after its pretreatment in the multi-chamber septic tank.
The wastewater was drawn with the scoops and poured into the leak-proof vessel of the 600 l volume. The wastewater brought into the laboratory was mixed and spread onto the surface of the models in the portions of 3 l. The sample for the chemical analysis was extracted each time the wastewater was spread onto the media. The wastewater samples were extracted once per week.
Description of the pilot-scale experiment. In order to clean domestic wastewater and to perform pilot-scale research on treatment efficiency in wastewater treatment facility vertical flow constructed wetland with the dolomite chippings as the filter media (dolomite-reed filter) was constructed. The wastewater treatment facility consists of: a gravity wastewater supply line, three consecutively connected septic tank chambers, a pumping station, a pressure line supplying the wastewater from the septic tank to the constructed wetland and a well that is used to check the quality of the treated wastewater that will be released back into the environment (Fig.2) . Fig. 2 . Principal scheme of wastewater treatment facility 1, 2, 3 -septic tank chambers, 4 -pumping station, 5 -dolomite-reed filter, 6 -inspection manhole Domestic wastewater from the septic tank was supplied through the collector into the pumping station. Clarified wastewater from the septic tank was finally treated in the vertical flow constructed wetland taking area of 160 m 2 and planted with reed Phragmites australis. Thickness of the filtrating media layer was 0.9 m. Calculated hydraulic load of the constructed wetland was 0.03 m 3 / m 2 /d. Constructed wetland media contains two layers: bottom layer (0.4 m) which was made of the 2-5 mm fraction chippings and upper layer (0.4 m) which was made of the coarse sand (0.6-2.0 mm). In between chippings and sand layers a layer of the gravel was used (0.1 m) which performed a role of an reverse filter. Wastewater distribution pipes were laid on the sand with a distance of about 1 m from each other. Perforated wastewater outflow pipes were laid about 2 m from each other.
Wastewater samples were extracted after the primary treatment in the septic tank and after the treatment in the constructed wetland. In total 22 samples (with three replications each) of the wastewater were taken.
Research The statistical analysis program STATISTICA 7.0 was used determine correlation coefficients of the load of filter according to total phosphorus and TP concentration after filtration.
Results and Discussion

Laboratory experiment on the efficiency of the phosphorus removal
The efficiency of total phosphorus removal from the wastewater in the differed filters examined using two hydraulic loads (Table 2) . Table 2 indicates that in all vertical flow laboratory-scale, total phosphorus is removed more efficiently when the hydraulic load is lower, i.e., 0.03 m 3 /m 2 /d. The obtained results revealed essential difference in total phosphorus removal efficiency when the wastewater was filtrated through sand and dolomite filters. Dolomite powder filter removed total phosphorus from wastewater more efficiently than sand filter. In this filter TP concentration in the treated wastewater ranged from 0.01 to 0.15 mg/l under both loads examined (efficiency of the total phosphorus removal ranged from 98.9 to 99.9 %). In the dolomite chippings filter phosphorus concentration ranged from 0.26 to 0.68 mg/l under different load conditions (efficiency of the TP removal was 93.6-98.2%). In the sand filter, total phosphorus concentration in the treated wastewater ranged from 2.1 to 4.9 mg/l (removal efficiency was 67.8-85.6%). Security, 2015, Vol. 1, jws2015005 49 The figure below (Fig. 3) The results show that organic phosphorus in all three filters is removed rather similarly, therefore we took into account the fact that both sand and dolomite powder can clog the filter due to the small size of their particles and decided to design and research the pilot-scale constructed wetland with the dolomite chippings used as the filter media.
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Samples of the wastewater were taken every two weeks during one year in the pilot-scale wastewater treatment facility. Before taking a sample wastewater discharges were measured. Wastewater discharge was up to 6. The data of the wastewater pollution analysis is given in Table 3 .
Data in Table 3 indicates that primary pretreated wastewater pollution fluctuated within wide limits during the research period. Wastewater was neutral, pilot-scale vertical flow constructed wetland effectively cleaned all contaminants during the research period.
The graph (Fig.5) represents changes in the concentration of total phosphorus in the treatment stages -after the primary treatment in the septic tank and after the treatment in the constructed wetland with the dolomite chippings used as the filter media.
Before the treatment in the vertical flow constructed wetland with the dolomite chippings as the filter media total phosphorus concentration ranged from 1.9 up to 11.8 mg/l, after the treatment in this filter TP concentra-tion was from 0.1 up to 0.4 mg/l under different load conditions (efficiency of total phosphorus removal ranged from 94.7 to 96.6 %, phosphates removal -from 80.0 to 95.6%). The obtained data are in full agreement with the results of some researchers (Drizo, et al., 2000; Maehlum, Stålnake, 1999; Kõiv et al, 2010) and demonstrate that the proper selection of constructed wetland media can reach very high phosphorus removal efficiency.
Phosphorus composition changes during wastewater filtration through dolomite chippings media in laboratoryscale and pilot-scale constructed wetland were similar. The wastewater before treatment in the laboratory-scale organic phosphorus amounted to 28.1% (see Fig. 4. a) , in the pilot-scale wetland -25.0% (Fig. 7. a) , after treatment 10.1 % (Fig. 4. d) and 11.0% (Fig. 7. b) , respectively. 
Conclusions
For the first time the research on the possibilities to use various fractions of dolomite as the filter media to reach good indices of the phosphorus removal efficiency were carried out in our country. For the comparative experiments the natural characteristic of the rural territories wastewater was chosen. The essential difference was found in phosphorus removal efficiency when the wastewater was filtrated through sand and dolomite as filters media in the laboratory-scale. The laboratory-scale with dolomite as the filter media was on average by 21% more efficient in total phosphorus removal in comparison with the sand media.
Dolomite chippings were found to be a suitable material for the installation of vertical flow constructed wetland because of a rather good removal of organic phosphorus and lower opportunity of clogging. Efficiency of total phosphorus removal in the pilot-scale constructed wetland with dolomite chippings filter media was on average 95.7%, phosphates removal -94.8% within one year.
Reed and their roots contribute to the phosphorus removal processes in the pilot-scale constructed wetland. Plants improve removal of phosphorus from sewage because they consume up to 10-15% of this biogenic material for biomass cultivation (Cooke, 1992) . Furthermore, due to the constant air movement the aeration is better in reed root zone and this also improves the pollutant decomposition conditions.
Vertical flow constructed wetlands with dolomite chippings as filter media could be an appropriate technology for rural wastewater treatment because they have such advantages as small energy consumption, easy maintenance, high hydraulic loading rate and high pollutant removal efficiency.
